T HE RECENT EVIDENCE REport and technology assessment prepared for the Agency for Healthcare Research and Quality comparing endovascular and open surgical repairs for nonruptured abdominal aortic aneurysms (AAAs) revealed that endovascular aortic aneurysm repair (EVAR) is associated with improved perioperative outcomes, but it does not improve long-term survival or quality of life. 1 Despite these data, EVAR has been rapidly replacing open repair for the treatment of infrarenal AAAs. According to national hospital databases, there has been a 600% increase in the annual number of EVAR procedures performed in the United States since 2000. 2 Although EVAR is associated with higher in-hospital costs compared with open repair, EVAR now accounts for nearly half of all AAA repairs. Endovascular aortic aneurysm repair is associated with lower 30-day morbidity and mortality rates compared with open repair. [2] [3] [4] Endovascular aortic aneurysm repair is therefore widely used to treat patients with the highest risk in the United States, as recommended by the joint council of the vascular surgery societies. 4 However, a recent United Kingdom (UK) randomized clinical trial (EVAR trial 2) 5 that compares EVAR with no intervention found no advantage for EVAR in patients deemed medically unfit for open repair. This finding was to a great extent due to the substantial in-hospital (9%) and preprocedural (8%) mortality in the group randomized to undergo EVAR. Despite being a methodologically high-quality randomized clinical trial, EVAR trial 2 was critically limited by long delays between randomization and treatment for those patients assigned to EVAR. Because no ran-domized clinical trials comparing EVAR with open repair and/or no intervention have been completed in the United States, it is unclear how the results of EVAR trial 2 and other European trials 6, 7 should influence the treatment of patients with AAAs in this country, particularly of those considered to be medically unfit for open repair. Moreover, the level I evidence from the UK trial may prompt US health care organizations and funding agencies to deny reimbursement for EVAR in patients with the highest risk, resulting in improper denial of treatment in this population. It is therefore imperative to establish the outcomes of patients with the highest risk already undergoing EVAR in the United States.
The purpose of this study was to determine the nationwide, risk-adjusted procedural mortality for patients undergoing EVAR in the United States and to evaluate whether the in-hospital EVAR mortality among patients with the highest surgical risk were comparable with those reported in EVAR trial 2.
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METHODS
The Nationwide Inpatient Sample from the Healthcare Cost and Utilization Project was used to identify all EVAR procedures performed from 2001 to 2004. The Nationwide Inpatient Sample is the largest all-payer inpatient database in the United States. 8 It represents a 20% stratified sample of inpatient admissions to US academic, community, and acute care hospitals nationwide (about 1000 hospitals in 35 states, excluding federal and prison hospitals). Typical discharge data collected include demographics, primary and 14 different secondary diagnoses, primary and 14 different secondary procedures per patient as identified by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, length of stay, charges, and outcomes. Sampling weights are provided for accurate calculations based on the complex survey design. The Nationwide Inpatient Sample core inpatient files were used for data extraction and analysis for the most recent years available (2001) (2002) (2003) (2004) . Because Nationwide Inpatient Sample data are publicly available and contain no personal identifying information, this study was exempt from institutional review board approval.
The ICD-9-CM coding system has had a specific code for EVAR since October 2000. All EVAR procedures since 2001 were therefore included in this analysis, as this was the first year during which endovascular repairs were properly coded in this database. For the purpose of this study, patients undergoing EVAR were identified by primary diagnostic code (ICD-9-CM 441.4; intact, nonruptured AAA) and the specific procedure code (ICD-9-CM 39.71). Patients younger than 50 years and those with primary or secondary diagnostic codes for ruptured AAA; aortic dissection; thoracic or thoracoabdominal aortic aneurysm; Marfan syndrome and other congenital anomalies; coarctation of the aorta; Turner syndrome; and polyarteritis nodosa were excluded from the analysis. Based on 15 diagnosis codes (ICD-9-CM) and the clinical classification software (Agency for Healthcare Research and Quality, Rockville, Md) coding system included in the data, which limits and prevents overcoding, 9 we calculated a comorbidity index using a modified Charlson comorbidity index (CCI), 10 a validated measure for use with administrative data that correlates with inhospital morbidity and mortality after surgical procedures, including elective AAA repairs. 11 Each of the indicated diagnoses is assigned a weight and summed to provide a patient's total score. The ability of the CCI to predict in-hospital mortality was initially assessed. Once validated, the CCI was further used to define 4 surgical risk-based groups according to their comorbidities (score interquartile range, 0-3; 0 indicating low-risk vs Ն3 indicating greatest comorbidity) for analyses.
The primary outcome endpoint was in-hospital mortality, ie, deaths that occur during the same hospitalization as EVAR. Mortality data were available directly from the data set, which are entered as died during hospitalization and is coded from the disposition of the patient. Healthcare Cost and Utilization Project quality control procedures are routinely performed to confirm that data values are valid, consistent, and reliable. 12 Weighted analyses for predictors of in-hospital mortality included demographic data, preoperative comorbidities, and risk stratification, which was based on the comorbidity index. Descriptive statistics for categorical variables are presented as relative frequencies (percents), which were compared with the 2 test ( 2 for independent groups, 2-tailed P value). Continuous variables were expressed as medians and interquartile ranges. In-hospital mortality was adjusted for patient age, sex, CCI, or risk stratification using multivariate logistic regression analyses. Findings were considered statistically significant for the primary endpoint, ie, risk-adjusted in-hospital mortality, if the resulting P value was Ͻ.05. Multivariate odds ratios (ORs) are reported with 95% confidence intervals (CIs). In our statistical analysis, we calculated frequencies of these outcomes for each year and determined if there were any trends in outcomes from 2001 to 2004. Because no significant changes in risk-adjusted in-hospital mortality were evident, further statistical analyses included the whole data set using the revised trend sampling weights necessary for analyses that span multiple years to reflect increases in state participation. Version 9.1 of SAS (SAS Institute, Cary, NC) was used for data analyses.
RESULTS
There were an estimated 65 502 EVAR procedures performed for nonruptured AAAs during the 4-year period. Of these, 85.5% were elective procedures. The estimated number of EVARs significantly increased, from Table 1 . The crude in-hospital mortality was 2.2%. Older age, female sex, a high CCI, an emergent or urgent EVAR, and admissions on weekends were identified as independent predictors for in-hospital mortality using multivariate logistic regression analyses ( Table 2) . Risk stratification was further performed using the CCI, which was validated as an independent predictor of EVAR in-hospital mortality (per point increase in CCI, OR, 1.12; 95% CI, 1.06-1.20) after adjusting for age and sex. Risk-adjusted in-hospital mortality revealed that a higher CCI score was associated with early death (1.8%, 2.0%, 2.2%, and 3.7% for a CCI score of 0, 1, 2, and Ն3, respectively; PϽ.001).
Patients undergoing elective EVAR had significantly lower in-hospital mortality than those undergoing urgent or emergent EVAR procedures (0.9% vs 8.4%, respectively; PϽ.001). Of note, nonelective EVAR was associated with an 8-fold increased risk of periprocedural-adjusted mortality (OR, 8.2; 95% CI, 7.1-9.4). We found that patients admitted on weekends who underwent EVAR (3%) also had significantly higher in-hospital mortality (12.3%) after adjusting for possible interactions with the type of admission (elective vs nonelective) using logistic regression (OR, 2.1; 95% CI, 1.7-4.9; PϽ.001). As expected, most EVAR procedures in patients admitted on weekends were con-
WWW.ARCHSURG.COM 521 sidered nonelective (68%) and were performed without delays in treatment, as 61% of these patients underwent EVAR within 24 hours; 72% underwent treatment within 48 hours (median number of days from admission to EVAR, 1 day; interquartile range, 0-3 days).
Stratified analyses, including only patients undergoing elective EVAR, revealed that risk-adjusted inhospital mortality rates ranged from 0.4% to 1.7% and were significantly higher in patients with the most severe comorbidities (CCI Ն3; 77 of 4516 EVARs) vs those with the lowest comorbidity (CCI=0; 13 of 13 494 EVARs; PϽ.001). Patients with the highest risk had, in fact, only a 1.4-fold increased risk of in-hospital mortality (OR, 1.6; 95% CI, 1.2-2.2; PϽ.001) compared with patients with the lowest risk. Multivariate logistic regression also identified the CCI (per point increase in CCI, OR 1.38; 95% CI, 1.29-1.47) as an independent predictor for inhospital mortality after elective EVAR procedures. Procedural mortality, however, did not exceed 1.7% in any risk groups after elective EVAR.
COMMENT
The results of this study indicate that EVAR is currently being performed in the United States with low inhospital mortality despite its frequent use in patients with severe comorbidities that conceivably may render them unfit for open repair (11%; 7132 of 65 502 procedures), according to recent reports. 13, 14 US nationwide statistics also specifically demonstrate that patients with the highest risk and associated comorbidities have significantly lower in-hospital mortality than their medically unfit counterparts, as reported by EVAR trial 2.
5 On the basis of these mortality figures, we conclude that EVAR should not be denied to high-risk patients with AAA in the United States. Our findings also indicate that EVAR should be offered as an elective procedure, because nonelective EVAR presumably performed in patients with symptomatic AAAs was associated with an 8-fold increased risk of in-hospital mortality.
Several observational studies have assessed perioperative outcomes of EVAR in patients with the highest risk. 3, 4 Most series have consistently reported excellent technical success and low rates of morbidity and mortality after EVAR in patients with significant comorbidities. 4 Similarly favorable perioperative outcomes have been recently reported in large population-based studies. Anderson A recent evidence-based report prepared under the auspices of the Agency for Healthcare Research and Quality assessed the treatment options for intact AAAs. 1 The recommendations and reported results were primarily based on randomized clinical trails (conducted outside the United States) that frequently included endografts that are not approved for use in the United States. Among patients fit for open repair and with an AAA of 5.5 cm or larger, EVAR was found to be associated with lower perioperative morbidity and mortality and decreased 4-year aneurysm-related mortality. For patients medically unfit for open repair because of comorbidities, the report concluded that EVAR does not improve survival compared with no intervention. These results were based on the UK EVAR trial 2, 5 a methodologically high-quality study and the only randomized clinical trial that has evaluated EVAR vs no intervention for patients with large AAAs (Ն5.5 cm) who were deemed medically unfit for open repair because of cardiac, pulmonary, or renal comorbidities (338 of 1741 patients with AAA suitable for EVAR who had a fitness assessment). The lack of benefit of EVAR was in part due to the unexpectedly high in-hospital mortality (9%) and the 8% preprocedural mortality in the group randomized to undergo EVAR. This perioperative mortality was significantly higher in the sicker patients in EVAR trial 2 than those receiving EVAR who were judged medically fit for surgery in EVAR trial 1 (9% vs 2%; PϽ.001). When urgent or emergent EVAR cases were excluded from the analyses in EVAR trial 2, the 30-day EVAR mortality was still 7%. Several criticisms have been raised about the EVAR trial 2 results that limit their applicability in the United States. First, 9 ruptures and 14 deaths occurred in the EVAR group prior to elective repair probably because of long delays in treatment (median time from randomization to EVAR, 57 days). Second, multiple patient crossovers from the nointervention group occurred (47 of 172 patients) without explanation in the majority of cases (28 of 47 patients). Surprisingly, 12 of these patients underwent open repair, raising concern that these patients may not have truly been medically unfit. Finally, the inclusion criteria used in this study were subjective and affected by individual interpretation. Eligibility for EVAR trial 2 was determined locally according to cardiac, respiratory, and renal comorbid conditions; a pragmatic approach was used to determine fitness. 17 This nonrigorous subjective method of determining fitness status critically limits the utility and applicability of the results of this trial to other settings, particularly to the United States. Other confounding variables-such as intensive treatment of comorbidities, provider experience with EVAR, and the lack of treatment delays-may lead to different outcomes in the United States than in the UK with EVAR trial 2.
Because the evidence report prepared for the Agency for Healthcare Research and Quality could have implications for reimbursement of EVAR in patients with high risk by health care organizations and funding agencies in the United States, the Society for Vascular Surgery Outcomes Committee recently published risk-adjusted outcomes of EVAR using data of 5 nonrandomized investigational device exemption studies leading to US approval of endografts by the Food and Drug Administration.
14 High-risk criteria included being aged 60 years or older and having at least 1 cardiac, pulmonary, or renal comorbid condition. The 30-day operative mortality for EVAR was 2.9% in this high-risk group. The results of this study, which were included in the evidence report for the Agency for Healthcare Research and Quality, have been criticized, because the inclusion criteria for the investigational device exemption studies usually required that patients were candidates for open repair; 75% of patients with high risk had only 1 comorbidity, whereas less than 1% had all 3 comorbid conditions. Therefore, the evidence report concluded that the outcomes of the highrisk group in this study are not comparable with those reported for the patients who were considered medically unfit for open repair in EVAR trial 2.
Although the present study is large, recent, and based on the entire spectrum of EVAR experience in the United States, several important limitations should be acknowledged. First, risk-adjusted in-hospital mortality was based on the CCI, which limits assessment of the severity of the different morbidities and therefore precludes any direct comparison with EVAR trial 2. The CCI, however, proved to be an independent predictor of in-hospital mortality and adequately discriminated risk-adjusted early deaths. Moreover, the importance of reporting nationwide statistics of in-hospital mortality is that this large cohort necessarily has to include the equivalent EVAR trial 2 patients considered medically unfit for open repair, as EVAR has certainly been offered to such patients since its introduction in the United States. Our risk-adjustment strategy categorized only 11% of all patients as those with the highest surgical risk, which, as defined in this study, clearly do not reside within the population of the EVAR trial 1 and very likely were medically unfit for open repair. In fact, the distribution of comorbidities revealed that among the highest-risk group (CCI Ն3), 13% had at least 1 major comorbidity, 62% had 2, and 25% had 3 comorbidities. By comparison, among 1741 eligible patients with AAA anatomically suitable for EVAR who had fitness assessed and were initially considered for enrollment into EVAR trial 1 and EVAR trial 2, 399 (23%) were deemed unfit for open repair. 6, 17 These data suggest that our proportionally smaller group of patients with the highest operative risk may include patients who may be as sick as or even sicker than the proportionately larger group of patients in EVAR trial 2, who were considered medically unfit for open repair.
A second limitation of this study is that we were unable to evaluate unfit patients with large AAAs who were not offered EVAR. We acknowledge that exclusion of these patients may have led to a lower mortality rate in the study population, but our data suggest that relatively few patients will be too ill for EVAR. The subgroup with CCI scores greater than 5 had a mortality rate approaching those of the EVAR trial 2, but these subjects represented less than 0.5% of the study population. At the very least, the low overall mortality rate for unfit patients in this study ( shows that US surgeons are selecting their patients properly. A US trial comparing EVAR with no intervention in the very sickest patients will have to be a large randomized study similar to the EVAR trial 2. Such a trial, though timely and needed, would be difficult to implement because of ethical and funding considerations and probable limited enrollment of patients willing to participate.
A third limitation of this study is that long-term mortality data are not available in the Nationwide Inpatient Sample data set. Although improved in-hospital mortality may result in improved long-term mortality, such hypothesis can only be tested with prospective studies.
In conclusion, this study demonstrates that EVAR is currently being performed in the United States with low inhospital mortality, even in patients with the highest risk. US nationwide mortality rates indicate that EVAR should not be denied to high-risk AAA patients in the United States because of their alleged high perioperative mortality from the level I evidence from EVAR trial 2.
